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(54) A data storage apparatus that appropriately revises FDCB information during background 
formatting 



(57) A data storage apparatus (63), including a con- 
troller (9) that formats a rewritable recording medium 
(11) in the background, interrupts the background for- 
matting when a host computer requests to store data in 
the rewritable recording medium (11), stores the data in 
the rewritable recording medium (11) after interrupting 
the background formatting, revises control information 
stored in a predetermined region (25) of the rewritable 



recording medium (11 ) after storing the data therein, and 
resumes the background formatting after revising the 
control information. The data storage apparatus (63) 
can revise control information indicating the address up 
to which the background formatting has been performed 
and the address of an unformatted recording region in 
which user data have been recorded, for example, at an 
appropriate timing during the background formatting. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001 ] The present Invention generally relates to a da- 
ta storage apparatus, and more particularly, to a rewri- 
table data storage apparatus such as a CD-RW disk 
drive and a DVD+RW disk drive that can interrupt back- 
ground formatting when data storage is requested. 

2. Description of the Related Art 

[0002] Universal Disk Format (UDF) is known as the 
standard file format for rewritable data storage media. 
Since CD-RW and DVD+RW are further capable of 
overwriting in addition to being writable, they employ 
Random UDF that enables a disk drive to store and re- 
trieve data randomly. In the case of CD-RW disks, a user 
is required to format the recording region of a CD-RW 
disk, entirely or partially, by recording dummy data be- 
fore storing data. 

[0003] In the case of DVD+RW disks, the user is still 
required to format a DVD+RW disk by recording dummy 
data in a recording region if the user wishes the 
DVD+RW disk to be retrievable (readable) by a conven- 
tional DVD-ROM drive. 

[0004] Accordingly, the formatting of a disk takes time 
since the recording region of the disk needs to be filled 
with dummy data. The more storage capacity the disk 
has, the more time is required to format the disk. The 
user cannot store data until the formatting of the disk is 
completed. 

[0005] A conventional solution to the above problem 
is background formatting wherein an optical disk drive 
formats a portion of an optical disk so that it can store 
data in or retrieve data from the optical disk even if the 
optical disk is not fully formatted. Japanese Patent Laid- 
open Application No. 11-134799 discloses a data stor- 
age apparatus such as a CD-RW disk drive and a 
DVD+RW disk drive that formats an optical disk in the 
background so that it can store data in the optical disk 
within a short time after the background formatting is re- 
quested. In the background formatting, the data storage 
apparatus stores dummy data in any unrecorded (unfor- 
matted) region of the optical disk while no request from 
the host computer for data storage or retrieval is being 
processed. If the host computer requests for data stor- 
age or data retrieval during the background formatting, 
the optical disk drive interrupts the background format- 
ting and stores (retrieves) data in (from) the optical disk. 
[0006] Accordingly, the data storage apparatus per- 
forms the background formatting and the data storage 
(retrieval) requested by the host computer in parallel 
(concurrently). That is, even if the background format- 
ting is proceeding, the data storage apparatus can store 
(retrieve) data in (from) any region of the optical disk. 



The user can eject the optical disk while the background 
formatting is proceeding. 

[0007] It is necessary to record which portion of the 

optical disk has been formatted and in which portion of 
5 the optical disk data have been stored so that the optical 

disk drive can randomly store data in any region of the 

optical disk or eject the optical disk while the optical disk 

is being formatted in the background. 

[0008] In the case of a DVD+RW disk, the above in- 
fo formation is recorded in a region called a Formatting 

Disk Control Block (FDCB) in the lead-in region of the 

disk. 

[0009] FDCB includes recording state information in- 
dicating whether the disk is not formatted, is being for- 
ts matted, or has been formatted, address information in- 
dicating the address of the formatted region of the disk, 
and bit map information indicating whether a region is 
recorded or unrecorded. 

[0010] When a partially formatted optical disk is in- 
20 serted, the optical disk drive can resume background 
formatting and store dummy data only in the unrecorded 
region by referring to the FDCB. 
[0011] FDCB is so important, especially in the case 
wherein the optical disk is ejected during the back- 
25 ground formatting, thatthe optical disk drive corrupts us- 
er data if the information stored in FDCB is incorrect, by 
overwriting dummy data on the user data. 
[0012] On the other hand, if FDCB is rewritten too of- 
ten, the performance of the optical disk drive is lowered 
30 and the degrading of the optical disk is accelerated. 

SUMMARY OF THE INVENTION 

[0013] Accordingly, it is a general object of the present 
35 invention to provide a novel and useful data storage ap- 
paratus in which one or more of the problems described 
above are eliminated. 

[0014] Another and more specific object of the 
present invention is to provide a data storage apparatus 

40 that can appropriately rewrite new information in con- 
nection with formatting and a recording previously 
stored in a recording medium. 
[0015] To achieve the above objects, a data storage 
apparatus according to the present invention includes a 

45 controller that formats a rewritable recording medium in 
the background, interrupts the background formatting 
when a host computer requests to store data in said re- 
writable recording medium, stores said data in said re- 
writable recording medium after interrupting the back- 

50 ground formatting, revises control information stored in 
a predetermined region of said rewritable recording me- 
dium after storing said data, and resumes the back- 
ground formatting after revising said control information. 
[0016] The data storage apparatus according to an 

55 embodiment of the present invention can revise control 
information indicating the address up to which the back- 
ground formatting has been performed and the address 
of an unformatted recording region in which user data 
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has been recorded, for example, at an appropriate tim- 
ing during the background formatting. 
[001 7] Other objects, features, and advantages of the 
present invention will become more apparent from the 
following detailed description when read in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] 

Fig. 1 is a block diagram showing an optical disk 
drive according to an embodiment of the present in- 
vention; 

Figs. 2A - 2D are schematic drawings showing how 
the background formatting and the user data stor- 
age are performed according to an embodiment; 
Fig. 3 is a flow chart showing background formatting 
of the optical disk drive showed in Fig. 1 according 
to the first embodiment of the present invention; 
Fig. 4 is a flow chart showing background formatting 
of the optical disk drive showed in Fig. 1 according 
to the second embodiment of the present invention; 
Fig. 5 is a flow chart showing background formatting 
of the optical disk drive showed in Fig. 1 according 
to the third embodiment of the present invention; 
Fig. 6 is a flow chart showing background formatting 
of the optical disk drive showed in Fig. 1 according 
to the fourth embodiment of the present invention; 
Fig. 7 is a flow chart showing background formatting 
of the optical disk drive showed in Fig. 1 according 
to the fifth embodiment of the present invention; 
Fig. 8 is aflow chart showing background formatting 
of the optical disk drive showed in Fig. 1 according 
to the sixth embodiment of the present invention; 
Fig. 9 is a flow chart showing background formatting 
of the optical disk drive showed in Fig. 1 according 
to the seventh embodiment of the present invention ; 
and 

Fig. 1 0 is a schematic drawing showing an informa- 
tion processing system having a data storage ap- 
paratus according to another embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0019] The preferred embodiments of the present in- 
vention will be described in detail below by reference to 
the drawings. 

[0020] Fig. 1 is a block diagram showing an optica! 
disk drive according to an embodiment of the present 
invention. 

[0021 ] The opticat disk drive includes spindle motor 1 
that rotates optical disk 11 , which is a rewritable optical 
disk such as CD-RW and DVD+RW, optical pickup 2 that 
has an embedded semiconductor laser therein and ap- 
plies laser beam L to a recording region of optical disk 



1 1 , and coarse motor 3 that actuates optical pickup 2 in 
the radial direction of optical disk 1 1 in collaboration with 
a seek motor (not showed) embedded in optical pickup 

2. 

5 [0022] The optical disk drive further includes rotation 
control unit 4 that controls the rotation of spindle motor 
1 , coarse motor control unit 5 that controls the actuation 
of coarse motor 3, pickup control unit 6 that controls op- 
tical pickup 2, and signal processing unit 7 that process- 

10 es a signal reproduced from optical disk 1 1 and a signal 
being recorded in optical disk 11 by optical pickup 2. 
[0023] The optical disk drive further includes cache 
memory 8 that temporarily stores data retrieved from op- 
tical disk 11, and main control unit 9 that consists of 

15 CPU, ROM, and RAM, for example, and performs vari- 
ous functions according to an embodiment of the 
present invention in collaboration with the above units 
4-7. 

[0024] Main control unit 9 is connected to a host com- 
20 puter through external interface 1 0. In response to a re- 
quest from the host computer, main control unit 9 trans- 
mits data retrieved from optical disk 11 to the host com- 
puter, and receives from the host computer data to be 
stored in optical disk 1 1 . 
25 [0025] The optical disk drive rotates optical disk 1 1 by 
spindle motor 1, actuates optical pickup 2 in the radial 
direction of optical disk 11, and applies laser beam L 
emitted by a semiconductor laser embedded in optical 
pickup 2 to a recording region of optical disk 11 so that 
30 the optical disk drive performs background formatting 
and user data storage in parallel according to the 
present invention. 

[0026] In the case of recording, the optical disk drive 
receives data from the host computer through external 

35 interface 10. The data are temporarily stored in cache 
memory 8, and converted into a recording signal by sig- 
nal processing unit 7. Optical pickup 2 applies laser 
beam L on the recording region of optical disk 11 in re- 
sponse to the recording signal. 

40 [0027] In the case of retrieval, the optical disk drive 
retrieves data from optical disk 11 in response to a re- 
quest for data retrieval of the host computer. The re- 
trieved data are temporarily stored in cache memory 8, 
and transferred to the host computer through external 

45 interface 10. 

[0028] Figs. 2A - 2D are schematic diagrams showing 
how data are stored in a recording medium such as a 
DVD+RW disk by background formatting and data stor- 
age in response to a user's request. 

50 [0029] The recording medium has lead-in region 21, 
user data region 22; and lead-out region 23. When a 
blank (unformatted) disk is set in the optical disk drive 
(hereinafter referred to as drive), the drive Initializes a 
portion 24 of lead-in region 21 in the foreground to form 

55 a region 25 called FDCB in region 24. The drive records 
"data storage status information" in FDCB 25. The drive 
is now ready to accept a request of the host computer 
for data storage (Fig. 2A). 
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[0030] The drive starts formatting user data region 22 
from the inner radius to the outer radius of the disk by 
storing dummy data therein in the background (Fig. 2B). 
[0031] When the host computer requests for data 
storage or retrieval, the drive interrupts the background 
formatting, and stores user data 27 in or retrieves user 
data 27 from user data region 22 (Fig. 2C). 
[0032] After completing the data storage and retrieval 
requested by the host computer, the drive resumes the 
background formatting starting from the address at 
which the drive interrupted the background formatting. 
That is, the drive formats region 28 and 29 where data 
have not yet been recorded. 

[0033] If the drive is required to eject the disk during 
the background formatting, the drive stores the data 
storage status information in FDCB 25 in lead-in region 
21 before ejecting the disk (Fig. 2D). The data storage 
status information contains an address P1 at which the 
background formatting is interrupted and the informa- 
tion indicating in which region of the unformatted region 
the user data are recorded. 

[0034] Various embodiments of the present invention 
will be described below by reference to Figs. 3 - 9. 
[0035] Fig. 3 is a flow chart showing background for- 
matting of the optical disk drive showed in Fig. 1 accord- 
ing to the first embodiment of the present invention. 
Main control unit 9 starts formatting the disk in the back- 
ground. Main control unit 9 checks whether the back- 
ground formatting has been completed (step S1). If the 
background formatting has not been completed, main 
control unit 9 further checks whether the host computer 
requests for data storage (step S2). If the host computer 
does not request for data storage, main control unit 9 
returns to step SI If the host computer requests for data 
storage, main control unit 9 interrupts the background 
formatting (step S3) and stores data as requested by 
the host computer (step S4). 

[0036] Main control unit 9 stores data storage status 
information in Formatting Disk Control Block (FDCB) 25 
of optical disk 11 (step S5). Main control unit 9 resumes 
the background formatting (step S6) and returns to step 
S1 followed by the above process. If the background for- 
matting has been completed in step S1, main control 
unit 9 exits this process. 

[0037] The optical disk drive according to this embod- 
iment stores the data storage status information in FD- 
CB 25 as soon as the optical disk drive completes data 
storage as requested by the host computer. Accordingly, 
if optical disk 1 1 is temporary ejected and set in the op- 
tical disk drive again, the optical disk drive can deter- 
mine the data storage status information by retrieving it 
from FDCB 25 of optical disk 1 1 . 
[0038] In the case wherein the host computer makes 
a plurality of successive requests for data storage during 
the background formatting, it is not necessary to store 
data storage status information in FDCB 25 each time 
the host computer makes such requests. If FDCB 25 is 
revised too often, the performance of the optical disk 



drive is lowered and the degrading of the optical disk is 
accelerated. 

[0039] Modifying the process as described below by 
reference to Fig. 4 may be beneficial to solve the above 
5 problem. 

[0040] Fig. 4 is a flow chart showing background for- 
matting of the optical disk drive showed in Fig. 1 accord- 
ing to the second embodiment of the present invention. 
[0041 ] Main control unit 9 starts formatting the disk in 
the background. Main control unit 9 checks whether the 
background formatting has been completed (step S11). 
If the background formatting has not been completed, 
main control unit 9 further checks whether the host com- 
puter requests for data storage (step S12). If the host 
computer does not request for data storage, main con- 
trol unit 9 returns to step S11. If the host computer re- 
quests for data storage, main control unit 9 checks 
whether the background formatting is proceeding (step 

513) . If the background formatting is proceeding, main 
control unit 9 interrupts the background formatting (step 

51 4) and stores data as requested by the host computer 
(stepS15). 

[0042] In response to the completion of the data stor- 
age requested by the host computer, main control unit 
9 starts measuring time (elapsed time) up to a predeter- 
mined time before resuming the background formatting. 
[0043] Main control unit 9 checks whether the prede- 
termined time has passed (step S16). If the predeter- 
mined time has not passed, main control unit 9 returns 
to step S1 1 and repeats the process between steps S1 1 
and S1 3. If the host computer requests for data storage 
in step S12 and the background formatting is not pro- 
ceeding in step S13, main control unit 9 goes to step 
S15 and stores the data as requested by the host com- 
puter. Main control unit 9 checks whether the predeter- 
mined time has passed (step S 1 6). If the predetermined 
time has passed, main control unit 9 stores data storage 
status information in Formatting Disk Control Block (FD- 
CB) 25 of optical disk 1 1 (step S1 7). Main control unit 9 
resumes the background formatting (step S18) and re- 
turns to step S11 followed by the above process. If the 
background formatting has been completed in step S 11 , 
main control unit 9 exits this process. 
[0044] In the case wherein the host computer makes 
a plurality of successive requests for data storage during 
the background formatting, the optical diskdrive accord- 
ing to this embodiment revises FDCB 25 after all data 
are stored. Accordingly, the performance of the optical 
disk drive is sustained at a high level and the optical disk 
is not degraded since FDCB 25 is not revised (written 
to) too often. 

[0045] Fig. 5 is a flow chart showing background for- 
matting of the optical disk drive showed in Fig. 1 accord- 
ing to the third embodiment of the present invention. 
[0046] Main control unit 9 starts formatting the disk in 
the background. Main control unit 9 checks whether the 
background formatting has been completed (step S21). 
If the background formatting has not been completed, 
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main control unit 9 further checks whether the host com- 
puter requests for data storage (step S22), If the host 
computer does not request for data storage, main con- 
trol unit 9 returns to step S21. If the host computer re- 
quests for data storage, main control unit 9 checks 
whether the background formatting is proceeding (step 
S23). 

[0047] If the background formatting is proceeding, 
main control unit 9 interrupts the background formatting 
(step S24) and stores data as requested by the host 
computer (step S25). 

[0048] In response to the completion of the data stor- 
age requested by the host computer, main control unit 
9 starts measuring time up to a first predetermined time 
before resuming the background formatting. 
[0049] Main control unit 9 checks whether the prede- 
termined time has passed (step S26). If the first prede- 
termine time has not passed, main control unit 9 returns 
to step S21 and repeats the process between steps S21 
and S23. If the host computer requests for data storage 
in step S22 and the background formatting is not pro- 
ceeding in step S23, main control unit 9 goes to step 
S25 and stores the data as requested by the host com- 
puter. Main control unit 9 checks whether the predeter- 
mined time has passed (step S26). 
[0050] If the first predetermined time has passed, 
main control unit 9 revises FDCB 25(step S27). In re- 
sponse to completing the revision of FDCB 25, main 
control unit 9 starts measuring time up to a second pre- 
determined time before resuming the background for- 
matting. Main control unit 9 checks whether the second 
predetermined time has passed (step S28). If the sec- 
ond predetermined time has not passed, main control 
unit 9 returns to step S21 and repeats the process be- 
tween steps S21 and S27. If the second predetermined 
time has passed, main control unit 9 goes to step S29 
and resumes the background formatting. Then, main 
control unit 9 returns to step S21 and repeats the above 
process. If main control unit 9 determines that the back- 
ground formatting has been completed at step S21, 
main control unit 9 exits from this process. 
[0051] The third embodiment is different from the sec- 
ond embodiment in that the time period between the da- 
ta storage and the revising of FDCB 25 is not necessarily 
equal to the time period between the data storage and 
the resuming of the background formatting. 
[0052] Accordingly, in the case wherein multiple re- 
quests for data storage are made in a short period during 
the background formatting, the optical disk drive revises 
FDCB 25 after all requests for data storage are satisfied. 
The optical disk drive can maintain high performance 
and avoid damaging the FDCB region 25 of the optical 
disk. 

[0053] Fig. 6 is a flow chart showing background for- 
matting of the optical disk drive showed in Fig. 1 accord- 
ing to the fourth embodiment of the present invention. 
[0054] Main control unit 9 starts formatting the disk in 
the background. Main control unit 9 checks whether the 



background formatting has been completed (step S31 ). 
If the background formatting has not been completed, 
main control unit 9 further checks whether the host com- 
puter requests for data storage (step S32). If the host 
5 computer requests for data storage, main control unit 9 
interrupts the background formatting (step S33). Main 
control unit 9 stores data in optical disk 11 as requested 
by the host computer (step S34). Then, main control unit 
9 resumes the background formatting (step S35) and 
returns to step S31. 

[0055] If the host computer does not request for data 
storage in step S32, main control unit 9 checks whether 
the host computer (that is, the user) requests to eject 
optical disk 1 1 (step S36). If the host computer does not 
request to eject optical disk 11, main control unit 9 re- 
turns to step S31 and repeats the above process. Main 
control unit 9 exits this process if it determines that the 
background formatting has been completed in step S31 . 
If the host computer requests to eject optical disk 11 in 
step S36, main control unit 9 interrupts the background 
formatting and revises FDCB 25 (step S37). Main con- 
trol unit 9 ejects optical disk 1 1 (step S38) and exits this 
process. 

[0056] As described above, in the case wherein the 
host computer makes multiple successive requests for 
data storage, main control unit 9 revises FDCB 25 after 
performing all data storage requested by the host com- 
puter. Accordingly, the optical disk drive can maintain a 
high level performance and damage the FDCB 25 re- 
gion of the optical disk less. 

[0057] If the user wants to take out the optical disk 
such as DVD+RW while the optical disk is being format- 
ted in the background, the optical disk drive needs to 
interrupt the background formatting. The fifth embodi- 
ment of the present invention operates without causing 
any problem under such situation. 
[0058] Fig. 7 is a flow chart showing background for- 
matting of the optical disk drive showed in Fig. 1 accord- 
ing to the fifth embodiment of the present invention. 
[0059] Main control unit 9 starts formatting the disk in 
the background. Main control unit 9 checks whether the 
background formatting has been completed (step S41). 
If the background formatting has not been completed, 
main control unit 9 further checks whether the host com- 
puter requests for data storage (step S42). If the host 
computer requests for data storage, main control unit 9 
interrupts the background formatting (step S43). Main 
control unit 9 stores data in optical disk 11 as requested 
by the host computer (step S44). Then, main control unit 
9 resumes the background formatting (step S45) and 
returns to step S41. 

[0060] If the host computer does not request for data 
storage in step S42, main control unit 9 checks whether 
the host computer requests to interrupt the background 
formatting (step S46). If the host computer does not re- 
quest to interrupt the background formatting, main con- 
trol unit 9 returns to step S41 and repeats the above 
process. Main control unit 9 exits from this process if it 
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determines that the background formatting has been 
completed In step S41 . If main control unit 9 determines 
that the host computer requests to interrupt the back- 
ground formatting in step S46, main control unit 9 inter- 
rupts the background formatting (step S47). Main con- 
trol unit 9 revises FDCB 25 (step S48) and exits this 
process. 

[0061] As described above, in the case wherein the 
user requests data storage during the background for- 
matting, main control unit 9 does not revise FDCB 25 in 
response to each data storage request of the user. Ac- 
cordingly, the optical disk drive can maintain a high level 
performance and damage the FDCB 25 region of the 
optical disk less. If the user wants to take out the optical 
disk during the background formatting, the optical disk 
drive interrupts the background formatting based on the 
user's request and ejects the optical disk after revising 
FDCB 25. 

[0062] It is the user that takes out the optical disk dur- 
ing the background formatting or turns off the optical 
disk drive. Likewise, the user can cause the optical disk 
drive to revise FDCB 25. In the sixth embodiment of the 
present invention, the optical disk drive revises FDCB 
25 in response to the user's request to do so. 
[0063] Fig. 8 is a flow chart showing the background 
formatting of the optical disk drive showed in Fig. 1 ac- 
cording to the sixth embodiment of the present inven- 
tion. 

[0064] Main control unit 9 starts formatting the disk in 
the background. Main control unit 9 checks whether the 
background formatting has been completed (step S51). 
If the background formatting has not been completed, 
main control unit 9 further checks whether the host com- 
puter requests for data storage (step S52). If the host 
computer requests for data storage, main control unit 9 
interrupts the background formatting (step S53). Main 
control unit 9 stores data in optical disk 11 as requested 
by the host computer (step S54). Then, main control unit 
9 resumes the background formatting (step S35) and 
returns to step S51. 

[0065] If the host computer does not request for data 
storage in step S52, main control unit 9 checks whether 
the host computer requests to revise FDCB 25 (step 
S56). If the host computer does not request to revise 
FDCB 25, main control unit 9 returns to step S51 and 
repeats the above process. Main control unit 9 exits this 
process if it determines that the background formatting 
has been completed in step S51. If main control unit 9 
determines that the host computer requests to revise 
FDCB 25 in step S56, main control unit 9 interrupts the 
background formatting (step S57). Main control unit 9 
revises FDCB 25 as requested by the host computer 
(step S58) and exits the background formatting process. 
[0066] In this embodiment, the revision of FDCB 25 is 
performed based on the user's request. Accordingly, 
FDCB 25 of the optical disk is revised at the most ap- 
propriate timing based on the user's request. The optical 
disk drive can maintain a high level performance and 



damage the FDCB 25 region of the optical disk less. 
[0067] As described above, FDCB 25 includes vari- 
ous items of information therein, such as information 
(address) indicating the region that has been formatted 

5 in the background and the unformatted region where us- 
er data are recorded. These information items are useful 
in avoiding storing dummy data in the unformatted re- 
gion where the user data have been recorded. 
[0068] Accordingly, it is not necessary to revise FDCB 

10 25 in the case wherein the user data are stored only in 
the formatted region during the background formatting 
and the case wherein the optical disk is not being for- 
matted in the background. Accordingly, the optical disk 
drive according to the seventh embodiment that will be 

15 described below revises FDCB 25 only when the infor- 
mation to be stored in FDCB 25 has changed. 
[0069] Fig. 9 is a flow chart showing the background 
formatting of the optical disk drive showed in Fig. 1 ac- 
cording to the seventh embodiment of the present in- 

20 vention. 

[0070] Main control unit 9 starts formatting the disk in 
the background. Main control unit 9 checks whether the 
background formatting has been completed (step S61 ). 
If the background formatting has not been completed, 

25 main control unit 9 further checks whether the host com- 
puter requests for data storage (step S62). If the host 
computer request for data storage, main control unit 9 
interrupts the background formatting (step S63). Main 
control unit 9 stores data in optical disk 1 1 as requested 

30 by the host computer (step S64). Main control unit 9 
checks whether the information stored in FDCB 25 
needs to be changed. 

[0071] If the information stored in FDCB 25 does not 
need to be changed, main control unit 9 resumes the 

35 background formatting (step S67). Main control unit 9 
returns to step S61 and repeats the above process. If 
the information stored in FDCB 25 needs to be revised, 
main control unit 9 revises FDCB 25 (step S66) before 
resuming the background formatting in step S67. Main 

to control unit 9 exits this process if it determines that the 
background formatting has been completed in step S61 . 
[0072] As described above, the optical disk drive ac- 
cording to this embodiment revises FDCB 25 only when 
the information stored in FDCB 25 needs to be revised. 

45 Accordingly, the optical disk drive can maintain a high 
level performance and avoid damaging the FDCB 25 re- 
gion of the optical disk caused by frequent revision (re- 
writing) of FDCB 25 information in response to requests 
for data storage, for example, by the user. 

50 [0073] Yet another embodiment of the present inven- 
tion will be described below by reference to Fig. 10. An 
information processing system 61 includes a 3.5 inch 
flexible disk drive 62 and an optical disk drive 63 such 
as a DVD+RW drive according to an embodiment of the 

55 present invention. The optical disk drive may be a 
CD-RW drive that embodies the present invention. The 
optica! disk drive 63 is embedded in the information 
processing system 61 , but the optical disk drive 63 may 
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be a so-called built-in type. The host computer is em- 
bedded In the Information processing system 61 in this 
case. Since the information processing system 61 in- 
cludes the data storage apparatus 63 according to an 
embodiment, a user of the information processing sys- 
tem 61 can obtain the benefits of the features and ad- 
vantages of the present invention. 
[0074] The optical disk drive 63 may be a stand-alone 
type that is separate from and controlled by an external 
host computer. The information processing system 61 
is not limited to a desk top type personal computer, but 
it may be a notebook type personal computer. 
[0075] As described above, a data storage apparatus 
according to an embodiment of the present invention 
can revise control information indicating the address up 
to which the background formatting has been performed 
and the address of an unformatted recording region in 
which user data has been recorded, for example, at an 
appropriate timing during the background formatting. 
[0076] The preferred embodiments of the present in- 
vention are described above. The present invention is 
not limited to these embodiments, but various variations 
and modifications may be made without departing from 
the scope of the present invention. 
[0077] This patent application is based on Japanese 
priority patent application No. 2001-229258 filed on July 
30, 2001 , the entire contents of which are hereby incor- 
porated by reference. 



Claims 

1. A data storage apparatus (63), characterized by 

comprising: 

a controller (9) that formats a rewritable record- 
ing medium (11) in the background, interrupts 
the background formatting when a host compu- 
ter requests to store data in said rewritable re- 
cording medium (11), stores said data in said 
rewritable recording medium (11) after inter- 
rupting the background formatting, revises con- 
trol information stored in a predetermined re- 
gion (25) of said rewritable recording medium 
(11) after storing said data, and resumes the 
background formatting after revising said con- 
trol information. 

2. The data storage apparatus (63) as claimed in claim 

1, wherein said controller (9) further determines 
whether a first predetermined time has passed after 
storing said data in said rewritable recording medi- 
um (11), and revises said control Information after 
said controller (9) determines that said first prede- 
termined time has passed. 

3. The data storage apparatus (63) as claimed in claim 

2, wherein said controller (9) further determines 



whether a second predetermined time has passed 
after revising said control information, and resumes 
the background formatting after said controller (9) 
determines that said second predetermined time 
5 has passed. 

4. The data storage apparatus (63) as claimed in claim 
1, wherein said controller (9) interrupts the back- 
ground formatting when a user requests to eject 

10 said rewritable recording medium (11) during the 
background formatting, revises said control infor- 
mation after interrupting the background formatting, 
and ejects said rewritable recording medium (11) af- 
ter revising said control information. 

15 

5. The data storage apparatus (63) as claimed in claim 
1, wherein said controller (9) interrupts the back- 
ground formatting in response to a request for the 
interruption of the background formatting, and re- 

20 vises said control information after interrupting the 
background formatting. 

6. The datastorage apparatus (63) as claimed in claim 
1, wherein said controller (9) interrupts the back- 
us ground formatting when a user requests to revise 

said control information, and revises said control in- 
formation stored in said predetermined region of 
said rewritable recording medium. 

30 7. The data storage apparatus (63) as claimed in claim 
1 , wherein said controller (9) does not revise said 
control information stored in said predetermined re- 
gion (25) of said rewritable recording medium (11) 
if said control information has not changed. 

35 

8. A computer readable recording medium that stores 
a computer program, wherein said computer pro- 
gram causes a computer (9) to format a rewritable 
recording medium (11) in the background, interrupt 

to the background formatting when a host computer 
requests to store data in said rewritable recording 
medium (11), store said data in said rewritable re- 
cording medium (11) after interrupting the back- 
ground formatting, revise control information stored 

45 in a predetermined region (25) of said rewritable re- 
cording medium (11) after storing said data, and 
resume the background formatting after revising 
said control information. 

50 9. The computer readable recording medium as 
claimed in claim 8, wherein said computer program 
further causes said computer (9) to determine 
whether a first predetermined time has passed after 
storing said data in said rewritable recording medi- 

55 urn (11), and revise said control information after 
said computer determines that said first predeter- 
mined time has passed. 
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10. The computer readable recording medium as 
claimed in claim 9, wherein said computer program 
further causes said computer (9) to determine 
whether a second predetermined time has passed 
after revising said control information, and resume 
the background formatting after said computer (9) 
determines that said second predetermined time 
has passed. 

11. The computer readable recording medium as 
claimed in claim 8, wherein said computer program 
further causes said computer (9) to interrupt the 
background formatting when a user requests to 
eject said rewritable recording medium (11) during 
the background formatting, revise said control infor- 
mation after interrupting the background formatting, 
and eject said rewritable recording medium (1 1 ) af- 
ter revising said control information. 

12. The computer readable recording medium as 
claimed in claim 8, wherein said computer program 
further causes said computer (9) to interrupt the 
background formatting in response to a request for 
the interruption of the background formatting, and 
revise said control information after interrupting the 
background formatting. 

13. The computer readable recording medium as 
claimed in claim 8, wherein said computer program 
further causes said computer (9) to interrupt the 
background formatting when a user requests to re- 
vise said control information, and revise said control 
information stored in said predetermined region 
(25) of said rewritable recording medium (11). 

14. The computer readable recording medium as 
claimed in claim 8, wherein said computer program 
further causes said computer (9) not to revise said 
control information stored in said predetermined re- 
gion (25) of said rewritable recording medium (11) 
if said control information has not changed. 

15. A controller (9) for a data storage apparatus (61), 
that formats a rewritable recording medium (11) in 
the background, interrupts the background format- 
ting when a host computer requests to store data in 
said rewritable recording medium (11), stores said 
data in said rewritable recording medium (11) after 
interrupting the background formatting, revises 
control information stored in a predetermined re- 
gion (25) of said rewritable recording medium (11) 
after storing said data, and resumes the back- 
ground formatting after revising said control infor- 
mation. 

16. A method, characterized by comprising the steps 
of: 



formatting a rewritable recording medium (11) 
in the background; 

interrupting the background formatting when a 
host computer requests to store data in said re- 
5 writable recording medium (11); 

storing said data in said rewritable recording 
medium (11) after interrupting the background 
formatting; 

revising control information stored in a prede- 
10 termined region (25) of said rewritable record- 

ing medium (11) after storing said data; and 
resuming the background formatting after re- 
vising said control information. 

'5 17. An information processing system, characterized 
by comprising: 

a host computer; 

a rewritable recording medium (11); and 
a data storage apparatus (63); 

wherein said data storage apparatus (63) fur- 
ther comprises: 

a controller (9) that formats said rewritable re- 
cording medium (11) in the background, inter- 
rupts the background formatting when said host 
computer requests to store data in said rewri- 
table recording medium (11), stores said data 
in said rewritable recording medium (11) after 
interrupting the background formatting, revises 
control information stored in a predetermined 
region (25) of said rewritable recording medium 
(11) after storing said data, and resumes the 
background formatting after revising said con- 
trol information. 
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